Obesity has emerged as a principal cause of mortality worldwide, reflecting comorbidities including cancer risk, particularly in colorectum. Although this relationship is established epidemiologically, molecular mechanisms linking colorectal cancer and obesity continue to be refined. Guanylyl cyclase C (GUCY2C), a membrane-bound guanylyl cyclase expressed in intestinal epithelial cells, binds the paracrine hormones guanylin and uroguanylin, inducing cGMP signaling in colorectum and small intestine, respectively. Guanylin is the most commonly lost gene product in sporadic colorectal cancer, and its universal loss early in transformation silences GUCY2C, a tumor suppressor, disrupting epithelial homeostasis underlying tumorigenesis. In small intestine, eating induces endocrine secretion of uroguanylin, the afferent limb of a novel gut-brain axis that activates hypothalamic GUCY2C-cGMP signaling mediating satiety opposing obesity. Recent studies revealed that dietinduced obesity suppressed guanylin and uroguanylin expression in mice and humans. Hormone loss reflects reversible calorieinduced endoplasmic reticulum stress and the associated unfolded protein response, rather than the endocrine, adipokine, or inflammatory milieu of obesity. Loss of intestinal uroguanylin secretion silences the hypothalamic GUCY2C endocrine axis, creating a feed-forward loop contributing to hyperphagia in obesity. Importantly, calorie-induced guanylin loss silences the GUCY2C-cGMP paracrine axis underlying obesity-induced epithelial dysfunction and colorectal tumorigenesis. Indeed, genetically enforced guanylin replacement eliminated diet-induced intestinal tumorigenesis in mice. Taken together, these observations suggest that GUCY2C hormone axes are at the intersection of obesity and colorectal cancer. Moreover, they suggest that hormone replacement that restores GUCY2C signaling may be a novel therapeutic paradigm to prevent both hyperphagia and intestinal tumorigenesis in obesity.
Introduction
Obesity is poised to become the leading cause of morbidity and mortality in the United States and world (Yang and Colditz, 2015) . Two-thirds of the US adult population is overweight [body mass index (BMI) .25 kg/m 2 ], and half of that overweight population is obese (BMI .30 kg/m 2 ) (Yang and Colditz, 2015; Nagendran et al., 2016) . This pandemic reflects the convergence of reinforcing lifestyle issues, including decreased energy demands coupled with increased accessibility to calorie-dense foods, resulting in dysregulation of endogenous mechanisms of metabolic regulation. Despite these insights, the molecular mechanisms that underlie aberrant energy balance and feeding behavior in obesity, as well as effective therapeutic strategies to combat these defects, remain elusive.
Obesity is associated with comorbidities that reduce life expectancy and incur substantial treatment costs, including cancer, depression, diabetes, cardiovascular disease, hypertension, infertility, liver disease, sleep apnea, osteoarthritis, and stroke (Astrup et al., 2015) . Mechanistic relationships that underlie some comorbidities, such as that between obesity and cardiovascular disease, are well characterized. In contrast, molecular mechanisms linking obesity to cancer continue to be refined.
This review highlights recent insights that causally link the pathophysiology of overfeeding in obesity with mechanisms underlying colorectal tumorigenesis through guanylyl cyclase C (GUCY2C)-hormone signaling axes. This emerging pathophysiological paradigm suggests that consumption of excess calories suppresses GUCY2C hormone expression in intestine, disrupting hypothalamic endocrine regulation of satiety promoting hyperphagia and paracrine regulation of colorectal epithelial homeostasis underlying tumorigenesis. The correlative therapeutic paradigm suggests that hyperphagia and colorectal cancer contributing to the morbidity of obesity both can be prevented by hormone replacement that restores GUCY2C signaling.
GUCY2C Signaling and the Paracrine Hormone Hypothesis of Colorectal Cancer
GUCY2C is a membrane-associated guanylyl cyclase receptor expressed primarily in intestinal epithelium (Kuhn, 2016) and in brain (Gong et al., 2011; Valentino et al., 2011; Begg et al., 2014; Kim et al., 2016) . Cognate ligands are structurally similar peptides and include the hormones guanylin and uroguanylin produced in small and large intestine, respectively, and the bacterial heat-stable enterotoxins (STs) produced by diarrheagenic bacteria (Canani et al., 2015; Kuhn, 2016) . In intestine, GUCY2C resides in apical brush border membranes, where it has a role in fluid homeostasis. Indeed, one of the best-characterized functions of GUCY2C is driving intestinal secretion and ST-induced enterotoxigenic diarrhea (Fiskerstrand et al., 2012; Kuhn, 2016) . Association of ST with the extracellular ligand binding domain of GUCY2C activates the cytoplasmic catalytic domain, which converts GTP to cGMP. In small intestine, this second messenger activates cGMP-dependent protein kinase PKGII (Vaandrager et al., 2000) . In contrast, in colorectum cGMP inhibits phosphodiesterase type 3, raising intracellular concentrations of cAMP (Chao et al., 1994; Poppe et al., 2008) . These signaling events lead to phosphorylation of the cystic fibrosis transmembrane conductance regulator, a chloride channel, which mediates the concentration-dependent efflux of chloride and bicarbonate ions from intestinal cells (Fiskerstrand et al., 2012; Dekkers et al., 2013; Kuhn, 2016) . This flow of anions drives electrogenic sodium efflux, producing an osmotic gradient that ultimately results in fluid accumulation in the intestinal lumen manifesting as diarrhea (Dekkers et al., 2013) . Consistent with these findings, families with activating or inactivating mutations in GUCY2C exhibit changes in fluid secretion that are consistent with this secretory function (Fiskerstrand et al., 2012; Romi et al., 2012; Muller et al., 2015; Smith et al., 2015) .
The intestinal epithelium is a dynamic structure, continuously regenerating throughout life. Stem cells in the crypt give rise to proliferating daughter cells that migrate up the crypt-villus axis and terminally differentiate into the mature cell types of the intestine (Barker, 2014) . This continuous regeneration requires tight integration of homeostatic processes, such as proliferation, migration, metabolic reprogramming, differentiation, and genomic integrity (Barker, 2014) . In turn, these homeostatic processes are the canonical pathways that are universally defective in all cancers (Hanahan and Weinberg, 2011) . It is perhaps not surprising that regulators of these pathways are frequently involved in cancer initiation and progression.
In that context, the GUCY2C signaling axis regulates these regenerative processes, functioning as a tumor suppressor to maintain the integrity of the intestinal epithelium. GUCY2C-deficient (Gucy2c 2/2 ) mice exhibit epithelial dysfunction that recapitulates discreet attributes of tumorigenesis, including an expanded proliferating crypt compartment, increased DNA damage, metabolic reprogramming to a Warburg glycolytic phenotype, restricted differentiation and lineage commitment, and amplified oncogenic signaling through changes in p21, Akt, and other pathways (Li et al., 2007b; Rinaldi et al., 2010; Han et al., 2011; Okabayashi et al., 2012) . Consistent with its role as a tumor suppressor, intestinal neoplasia in Gucy2c 2/2 mice was substantially increased, compared with wild-type mice, by the chemical carcinogen azoxymethane or by mutations in adenomatous polyposis coli (Li et al., 2007b; Rinaldi et al., 2010; Basu et al., 2014) .
The GUCY2C paracrine hormones guanylin and uroguanylin are the most commonly lost gene products in colorectal cancer (Zhang et al., 1997; Cohen et al., 1998; Steinbrecher et al., 2000; Notterman et al., 2001) , and this loss produces epithelial dysfunction recapitulating the phenotype in Gucy2c 2/2 mice. In preliminary studies, guanylin mRNA was lost early in the pathophysiological continuum of tumorigenesis, and adenomas, as well as adenocarcinomas, were devoid of guanylin expression in both mice and humans (Zhang et al., 1997; Cohen et al., 1998; Steinbrecher et al., 2000; Notterman et al., 2001) . In a cohort of ∼300 human patients, guanylin mRNA and protein were lost by .85% of colorectal tumors compared with matched normal adjacent tissue (Wilson et al., 2014) . Together, these observations reveal that guanylin loss silencing GUCY2C is a universal mechanism that occurs at the earliest stages of transformation through a process that is conserved across species. In turn, they suggest that guanylin loss silencing the GUCY2C tumor suppressor plays a fundamental role in the pathogenesis of colorectal cancer initiation. The ability to translate these findings to effective cancer prevention is underscored by the approval of the oral GUCY2C ligand linaclotide (Linzess) (Ironwood Pharmaceuticals, Cambridge, MA) to treat constipation-type irritable bowel syndrome and chronic constipation, using a clinically tractable paradigm to reactivate the dormant paracrine GUCY2C-cGMP signaling axis to prevent intestinal tumorigenesis (Brenner, 2013; Scarpignato and Blandizzi, 2014) . These observations suggest a novel pathophysiological paradigm for sporadic colorectal cancer in which a disease generally considered to reflect irreversible genetic mutations in adenomatous polyposis coli and b-catenin (Kinzler and Vogelstein, 1996; Zeuner et al., 2014 ) is transformed into a potentially preventable and reversible disease of paracrine hormone deficiency that can be treated with oral GUCY2C ligand replacement therapy.
The GUCY2C Endocrine Hormone Axis in Appetite and Satiety
Although GUCY2C has been characterized primarily as an intestinal paracrine hormone receptor, it is also expressed in the hypothalamus of the central nervous system (Gong et al., 2011; Valentino et al., 2011; Begg et al., 2014; Folgueira et al., 2016a; Kim et al., 2016) . This specialized region of the brain is responsible for integrating neural and endocrine signaling to maintain homeostasis, utilizing discreet nuclei to regulate processes such as appetite, sleep, aggression, and body temperature (Jego et al., 2013; Falkner et al., 2016; Fischer et al., 2016; Xu and Xie, 2016) . Moreover, GUCY2C is enriched in the arcuate nucleus, a collection of neurons positioned ventrolateral to the third ventricle of the brain, which serves as the central site for energy balance by regulating appetite to ensure that food intake matches energy expenditure Xu and Xie, 2016) . This periventricular organ receives its blood supply through fenestrated capillaries, allowing it unique access to endocrine hormone signals from distant sites outside the nervous system (Zhang et al., 2015) . Receptors to these endocrine hormones on arcuate nucleus neurons establish signaling axes that allow distant organs to relay information to the brain about nutritional status and energy balance. These peptide ligands include ghrelin, the lone circulating orexigenic (appetite-stimulating) hormone released primarily by the stomach (Zigman et al., 2016) , and anorexigenic (appetite-suppressing) hormones such as glucagonlike peptide 1, cholecystokinin, leptin, and insulin (Efeyan et al., 2015) .
Recent studies have established a novel gut-brain axis that signals through the GUCY2C endocrine ligand uroguanylin as an additional anorexigenic pathway (Valentino et al., 2011; Begg et al., 2014; Folgueira et al., 2016a; Kim et al., 2016) . Although the precise mechanisms mediating uroguanylininduced satiety continue to be defined (Valentino et al., 2011; Begg et al., 2014; Folgueira et al., 2016a; Kim et al., 2016) , systemic uroguanylin levels increase postprandially in both mice and humans similarly to other anorexigenic hormones such as insulin, glucagon-like peptide 1, and cholecystokinin, suggesting a similar role for uroguanylin. GUCY2C expression in neurons expressing the leptin receptor (Allison et al., 2015) , and activation-induced transcription of the anorexigenic second-messenger pro-opiomelanocortin, provide additional evidence supporting the role of the GUCY2C-uroguanylin gut-brain axis (Valentino et al., 2011; Kim et al., 2016) . Indeed, Gucy2c 2/2 mice are hyperphagic and obese, suggesting that this regulatory pathway may play an important role in weight maintenance and the pathophysiology of obesity (Valentino et al., 2011) .
Diet-Induced Suppression of GUCY2C Hormones and the Pathophysiology of Obesity
Obesity is exemplified by the dysfunction of endogenous neuroendocrine axes designed to limit overfeeding. Unfortunately, failure of many of these homeostatic mechanisms is mediated by central resistance to anorexigenic hormones, precluding their utility in the pharmacologic treatment of obesity. Indeed, insulin and leptin circulate at consistently elevated levels in obesity, resulting in hypothalamic desensitization to these hormones and ultimately impaired appetite suppression (Williams et al., 2014) .
Like the endocrine axes for insulin and leptin, the uroguanylin-GUCY2C gut-brain axis also is impaired in obesity. However, the mechanism underlying this pathology is fundamentally different from that of the leptin and insulin axes. In contrast to leptin and insulin, serum uroguanylin levels are reduced in obesity, resulting in a hormone deficiency that silences GUCY2C signaling in brain . Consequently, hypothalamic GUCY2C is not desensitized but, rather, remains responsive to hormone stimulation and actually is overexpressed in hypothalamus in diet-induced obesity . This mechanistic distinction suggests that GUCY2C may be amenable to therapeutic targeting for the treatment of obesity. Indeed, conditional transgenic expression of uroguanylin in brain reduced appetite, food consumption, and weight gain over months in the context of chronic exposure to an obesogenic diet.
Although uroguanylin has emerged as the afferent limb of a novel gut-brain axis regulating body weight, mechanisms mediating those effects continue to be refined . Thus, in one study, GUCY2C did not modulate body weight (Begg et al., 2014) . However, this study used male mice, a model that is particularly insensitive to central regulation of body weight by the uroguanylin-GUCY2C signaling axis (Valentino et al., 2011) . Also, a recent study suggested that uroguanylin expression in intestine was elevated, rather than reduced, by diet-induced obesity (Folgueira et al., 2016b) . However, this study assessed uroguanylin expression in duodenum, which is the lowest source of hormone in small intestine (Whitaker et al., 1997; Nakazato et al., 1998; Qian et al., 2000) . Indeed, the greatest uroguanylin expression, and the largest source of circulating hormone, is jejunum (Whitaker et al., 1997; Nakazato et al., 1998; Qian et al., 2000 Qian et al., , 2008 , the tissue analyzed in the most recent study . These inconsistencies notwithstanding, the uroguanylin-GUCY2C axis has emerged as a promising new target for obesity pharmacotherapy (Valentino et al., 2011; Begg et al., 2014; Folgueira et al., 2016a; Kim et al., 2016 ).
GUCY2C and Obesity-Associated Colorectal Cancer
Potential mechanisms linking obesity and colorectal cancer risk traditionally have included endocrine, adipokine, and inflammatory changes associated with the adipose mass (Renehan et al., 2015) . Although there is some evidence to support each of these links, definitive proof establishing their contribution in humans has been inconsistent. Thus, the underlying mechanisms that link obesity to colorectal tumorigenesis continue to be refined. In that regard, GUCY2C has emerged as a novel regulator of both intestinal tumorigenesis through paracrine hormone signaling in the gut and obesity through endocrine hormone signaling in hypothalamus. These observations suggest a novel pathophysiological hypothesis in which silencing GUCY2C signaling resides at the intersection of obesity and colorectal cancer. The correlative therapeutic hypothesis suggests that both obesity and colorectal tumorigenesis might be prevented or reversed by preserving the GUCY2C-cGMP signaling axis.
Obesity Silences the GUCY2C Paracrine Axis, Leading to Tumorigenesis
Previous studies highlighted the role of guanylin loss silencing GUCY2C in the development of sporadic colorectal cancer, offering a plausible mechanism whereby disruption of GUCY2C-cGMP signaling mediates tumorigenesis (Zhang et al., 1997; Cohen et al., 1998; Shailubhai et al., 2000; Steinbrecher et al., 2000; Notterman et al., 2001; Li et al., 2007b; Rinaldi et al., 2010; Wilson et al., 2014) . Unexpectedly, hypercaloric diets eliminated guanylin expression in mouse intestine, silencing GUCY2C associated with epithelial GUCY2C, Obesity, and Colorectal Cancer dysfunction amplifying tumorigenesis, similar to that observed in Gucy2c 2/2 mice . Moreover, obesityinduced guanylin loss also was observed in humans, in which there is an inverse relationship between guanylin mRNA expression and BMI in normal colonic epithelium, with morbidly obese patients (BMI $35 kg/m 2 ) exhibiting an 80% decrease in guanylin mRNA expression compared with lean individuals .
Downstream of guanylin loss, obesity also silenced the GUCY2C-cGMP signaling axis. Obese mice exhibited decreased intestinal epithelial phospho-vasodilator-stimulated phosphoprotein an established downstream target of cGMP (Erdmann et al., 2013; Lin et al., 2016) . Loss of downstream GUCY2C-cGMP signaling resulted in epithelial dysfunction, recapitulating the phenotype of Gucy2c 2/2 mice. This phenotype was characterized by increased DNA damage, hyperproliferation, metabolic reprogramming to a Warburg glycolytic phenotype, and aberrant oncogenic signaling (Li et al., 2007a,b; Rinaldi et al., 2010; Lin et al., 2016) . Finally, these pathophysiological changes specifically reflected guanylin loss. Indeed, conditional transgenic guanylin expression in intestine reactivated GUCY2C and reversed epithelial dysfunction in vivo . These GUCY2C-dependent changes in intestinal epithelium in obesity reflecting guanylin loss silencing GUCY2C precisely recapitulate known risk factors for colorectal cancer (Li et al., 2007a,b; Rinaldi et al., 2010; Han et al., 2011; Okabayashi et al., 2012) .
In contrast to the paradigm that links cancer risk to obesity through endocrine, adipokine, or inflammatory changes reflecting adiposity, dietary manipulation revealed that loss of guanylin expression in obesity is independent of body mass , consistent with another recent report of a calorie-modulated, obesity-independent colorectal cancer mechanism (Schulz et al., 2014) . Indeed, whereas a high-fat diet is associated with both hypercaloric intake and weight gain, mice on a high-carbohydrate diet maintain lean body weights despite consuming ∼40% excess calories (Dogan et al., 2007) . Similarly, there is an established polymorphism in C57BL/6 mice in which some (∼5%) consume excess calories from fat but maintain lean body mass (Fearnside et al., 2008) . Moreover, BALB/c mice resist obesogenic diets and maintain lean body mass while consuming excess calories from fat (Fearnside et al., 2008) . Surprisingly, intestinal guanylin expression was lost in all of these models, dissociating the impact of calories consumed from changes in lean body mass on hormone expression . Conversely, guanylin expression was restored in mice that were switched from a high-to a low-calorie diet, even though these mice remained persistently obese .
Endoplasmic Reticulum Stress Suppresses GUCY2C Hormone Expression in Diet-Induced Obesity
Obesity is associated with endoplasmic reticulum (ER) stress in intestine that, in part, mediates the pathophysiological effects of hyperphagia and overnutrition (Hayashi et al., 2014; Lin et al., 2016) , including suppression of GUCY2C hormone expression. Hypercaloric diets induced canonical markers of ER stress in intestine, including the chaperone GRP78 (binding immunoglobulin protein) and the proapoptotic CCAAT/-enhancer-binding protein homologous protein . Diet-induced induction of ER stress was associated with loss of guanylin in colorectum and uroguanylin in small intestine of obese mice . Furthermore, induction of ER stress pharmacologically by thapsigargan or tunicamycin (Keestra-Gounder et al., 2016) , or genetically by eliminating XBP1 expression (van Galen et al., 2014; Keestra-Gounder et al., 2016) , in lean mice recapitulated diet-induced obesity and produced hormone loss . ER stress induces a tripartite unfolded protein response directed at preserving ER homeostasis, mediated by inositol-requiring enzyme 1 and activating transcription factor 6, which both increase transcription of chaperones, and protein kinase R-like ER-localized eIF2a kinase, which inhibits protein translation (Wang and Kaufman, 2016 ). Indeed, pharmacologic or genetic inhibition of protein kinase R-like ER-localized eIF2a kinase signaling prevents hormone loss produced by ER stress . Conversely, administration of the chemical chaperone tauroursodeoxycholic acid, which relieves ER stress (KeestraGounder et al., 2016) , restored hormone expression in obese mice Lin et al., 2016) .
These observations suggest the novel pathophysiological hypothesis that colorectal cancer in obesity recapitulates molecular mechanisms underlying sporadic intestinal tumorigenesis involving calorie-induced guanylin loss silencing the GUCY2C tumor suppressor, producing epithelial dysfunction underlying transformation (Zhang et al., 1997; Cohen et al., 1998; Steinbrecher et al., 2000; Notterman et al., 2001; Wilson et al., 2014) . In that context, this hypothesis expands the paradigm of colorectal cancer in obesity from a disease reflecting dysregulation of the adipokine, endocrine, and inflammatory milieu reflecting body mass, to one of calorieinduced local paracrine hormone insufficiency silencing a tumor suppressor. Beyond pathophysiology, the correlative therapeutic hypothesis suggests that GUCY2C ligand replacement could be a strategy to prevent obesity-associated colorectal cancer. To test this hypothesis, mice were generated with an inducible intestine-specific guanylin transgene whose expression cannot be silenced Lin et al., 2016) . Conditional expression of this guanylin transgene eliminated tumorigenesis in obese animals on a high-fat diet Lin et al., 2016) . These observations provide proof of principle for the utility of GUCY2C ligand replacement therapy to prevent colorectal cancer in the context of diet-induced obesity.
Translation of GUCY2C-Targeted Chemoprevention for Colorectal Cancer
These observations support the suggestion that one key step in intestinal tumorigenesis in obesity is diet-induced guanylin loss silencing GUCY2C. Moreover, they establish the paradigm of paracrine hormone replacement to prevent intestinal tumor initiation and progression in obesity (Alvarez, 2016) . The immediate tractability of this novel chemoprevention approach can best be appreciated by considering that the oral GUCY2C agonist linaclotide (Linzess) is approved for the treatment of constipation-type irritable bowel syndrome (Brenner, 2013) . In that regard, linaclotide is activated in the acidic environment of the stomach and has its primary effect on secretion in the duodenum. Indeed, ,3% of oral linaclotide can be recovered in evacuated stool (Busby et al., 2013) , suggesting that exposure in the colorectum might be limited. Thus, proof-of-concept trials have been initiated to define the ability of once daily oral linaclotide to activate GUCY2C, induce cGMP signaling, and regulate homeostatic pathways, including epithelial cell proliferation, across the rostral-caudal axis of the colorectum in normal healthy volunteers (ClinicalTrials.gov Identifier: NCT01950403). The ultimate goal of this clinical program is to expand this paradigm to evaluate the utility of linaclotide for chemoprevention of intestinal transformation in populations at risk, including obese individuals.
Discussion
Recent insights into the role of the GUCY2C signaling axis in obesity and cancer suggest a novel paradigm whereby ingested calories induce intestinal ER stress, producing paracrine (guanylin) and endocrine (uroguanylin) hormone loss that silences GUCY2C signaling in colorectum and hypothalamus, respectively. In colorectum, loss of GUCY2C paracrine signaling produces epithelial dysfunction contributing to tumor initiation Lin et al., 2016) . In hypothalamus, loss of endocrine GUCY2C signaling leads to suppression of satiety circuits, producing hyperphagia contributing to obesity. Taken together, these observations suggest a novel pathophysiological model in which hormone loss silencing GUCY2C in obesity comprises a positive feed-forward loop (Fig. 1) . Thus, overnutrition suppresses uroguanylin regulation of satiety, amplifying hyperphagia by silencing the GUCY2C gut-brain endocrine axis. In turn, increased hyperphagia amplifies colorectal cancer risk through loss of guanylin and GUCY2C paracrine hormone signaling, associated with epithelial dysfunction. This pathophysiological model uniquely positions GUCY2C-hormone axes at the intersection of pathophysiological mechanisms underlying obesity and colorectal cancer. In that context, paracrine and endocrine limbs of these axes can be repaired by GUCY2C hormone replacement, preventing tumor initiation in the intestine and improving satiety responses regulating feeding in obesity Lin et al., 2016) . The feasibility of these novel therapeutic approaches is underscored by the regulatory approval and clinical application of the GUCY2C ligand linaclotide for use in patients with constipation-type irritable bowel syndrome or chronic constipation (Brenner, 2013) . Importantly, a research program is currently underway to evaluate the utility of linaclotide as a chemopreventive agent for colorectal tumorigenesis in mice and humans. Fig. 1 . GUCY2C signaling at the intersection of obesity and colorectal cancer. Hyperphagia and overingestion of calories induce intestinal ER stress, which suppresses expression of uroguanylin in small intestine and guanylin in colorectum. Loss of uroguanylin in small intestine prevents endocrine secretion of that hormone following the ingestion of food. Loss of endocrine secretion disrupts the afferent limb of a novel gut-brain axis that silences hypothalamic GUCY2C, reducing satiety signals (lightning bolt symbols) limiting food intake. In turn, this amplifies the ingestion of excess calories, representing a positive feed-forward loop contributing to hyperphagia, which is central to the pathophysiology of obesity. Moreover, loss of the paracrine hormone guanylin silences the GUCY2C tumor suppressor in colorectum disrupting homeostasis (lightning bolt symbols), resulting in epithelial dysfunction underlying tumorigenesis. Importantly, hormone replacement with GUCY2C ligands, such as linaclotide, reverses these pathophysiological mechanisms, opposing both obesity and colorectal tumorigenesis.
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